This study aimed to estimate farmers' willingness to pay (WTP) for health risk reductions of pesticide use by applying the contingent valuation method (CVM) and to explore the factors that influence farmers' WTP in China. In total, 244 farmers were randomly selected and interviewed. The mean WTP was estimated to be $65.38 (0.94% of total household income) per household per year for a 5/10,000 reduction in morbidity risk. This study shows that farmers' socioeconomic and attitudinal factors that significantly affect their WTP include farmers' farming income, education, household size and risk perceptions. In particular, the results demonstrate that respondents' social trust, social reciprocity and social networks have significant impacts on their WTP. The findings of this study can provide useful insights for policy makers to design effective policies to address health problems related to pesticide use in the developing world.
Introduction
Pesticides have been playing a significant role in the success of modern agricultural production [1, 2] . However, the intensive use of pesticides had adverse impacts on the environment and human health [3] [4] [5] [6] . The use of pesticide poses morbidity and mortality risks to farmers and agricultural workers. It has been shown that pesticide exposure could result in various diseases such as cardiovascular disease, acute neurological toxicity, cancer, allergies and neurological disorders [7, 8] . Farmers' health status impairment may have a significant negative impact on agricultural production [9] . Pesticide poisoning has been a major health risk in developing countries, while chronic effects from long-term exposure to pesticides are not widely recognized and documented [10] .
China is the largest consumer of pesticides in the world [11] . Local governments are making efforts to develop better policies regulating pesticide usage to minimize the hazards and risks to human health and the environment from the use of pesticides [12] . In order to design more effective pesticide regulation policies and to reduce pesticide poisoning among farmers, it is important to understand more about the monetary value of changing health risks related to pesticide use to perform an economic analysis [13] [14] [15] . Because the health costs of pesticide use include market and non-market components such as discomfort and pain, it is important to conduct a more comprehensive analysis that takes the non-market value of human health into account [9] . For this purpose, the contingent valuation method (CVM) is considered to be an appropriate method to value individuals' willingness-to-pay (WTP) for health risk changes [10] . The basic idea of the CVM is that people's preference for non-marketed goods or services can be revealed if appropriate questions are asked in a hypothetical market questionnaire survey [16] . This study is to estimate farmers' WTP for health risk reductions of pesticide use by applying the CVM.
Furthermore, to help policymakers design more effective policies, understanding the factors influencing individuals' preferences or willingness to pay is important. The environmental economics literature indicates that both socio-economic factors (i.e., age, education attainment, household income and household size) and pro-environmental attitudes (i.e., environmental awareness and perceptions) can affect peoples' WTP for non-market goods or services (see for example [17, 18] ). In the past decades, the literature of environmental policy and management has successfully introduced the concept of social capital [19] , which is a form of economic and cultural capital. Social capital captures the idea that social bonds and norms are important for people and communities, which has been found to have influences on individuals' environmental behaviors [20, 21] . Consequently, it is important to understand the influence of an individual's social capital on his or her WTP for health improvements. In this context, another important objective of this study is to explore the factors that influence farmers' WTP and look into an individual's social capital on his WTP for reducing health risks of pesticide use in China. This study can provide useful insights for policy makers to design effective policies to address health problems associated with pesticide use in China and other similar developing countries.
Materials and Methods

The Study Area
The study area was Anqiu County (118 • 44 -119 • 27 E and 36 • 05 -36 • 38 N), which is located in the central part of Shandong Province, China. The total population is 950,000 inhabitants, among which the agricultural population accounted for 56%. The average population density is approximately 539 inhabitants/km 2 . Ten different crops (winter wheat, scallions, peanuts, garlic, gingers, corns, potatoes, nectarines, strawberries, cherries) are grown in the area. The average per capita GDP of agricultural population was CNY 13,575 (USD 1966 ). This particular area was chosen because of the fact that the county has been adopting high-input farming practices, including pesticide application. Based on the information provided by local agricultural management agencies and retailers the most commonly applied pesticides in Anqiu are insecticides (abamectin, fosthiazate, thiamethoxam, dinotefuran, chlorantraniliprole) and fungicides (metalaxyl, fludioxonil).
Survey Instrument
The survey questionnaire was carefully designed based on the results of several focus-group discussions and pilot testing surveys. Some local farmers, government officials and scientific experts were invited to attend focus-group discussions to obtain opinions on the research design and to assess the suitability of WTP bids used. Questionnaires were further pilot tested on local farmers to further identify potential problems. Based on the feedback of pilot testing surveys, we made some clarifications and modifications.
The questionnaire mainly consisted of four sections. The first section collected information on farmers' knowledge and risk perceptions of pesticide use. The extent of respondents' agreement or disagreement was elicited by a series of statements concerning pesticide use and its health effects on a five-point Likert scale anchored at 1 = Strongly disagree to 5 = Strongly agree. Respondents were also asked to indicate the risk of pesticide use on their health using the following five categories: extremely high level of risk, large (or significant) level of risk, medium (or moderate) level of risk, some small level of risk, and no risk at all.
The second part was the measurement of social capital. Based on social capital measurement studies (for example [20, 22] ), in this study, four components of social capital were emphasized: social trust, social networks, institutional trust and social reciprocity. Firstly, social trust was measured through farmers' trust towards people in villages in general. Secondly, social networks were measured by the number of village associations that the respondent participated in. Institutional trust refers to the trust in institutions operating in the community [22] . Thus, trust in local governments was measured. Finally, social reciprocity was measured by asking the respondent's agreement on the statement that people in their village help each other on a five-point Likert scale, going from 1 (strongly disagree) to 5 (strongly agree).
The third part evoked respondents' willingness to pay for health risk reductions related to pesticide use. Respondents were first informed some basic information on the impact of pesticide use on human health. To get a point of reference, respondents were informed the number of yearly cases of hospitalization and death due to pesticide use in China.
Because health risks associated with pesticide use are typically small, a risk scale with a graph containing 1000 squares was used to help respondents to understand. The use of a grid of squares has been considered a successful risk communication tool in other stated preference investigations involving health risk [23] and has been used in a developing country context [24, 25] .
Then a hypothetical valuation scenario was presented. Respondents were informed that implementing pesticide management policies can reduce health risks of pesticide use. Policy options, including agricultural production practices, are designed to reduce the rate of pesticide use in the fields, without any change in the quality of products. However, production costs would be increased due to the reduction of pesticide use. After this scenario, a dichotomous choice WTP question was presented. Respondents were asked whether their households would be willing to pay a specific amount annually to reduce the morbidity risk associated with pesticide use reduced by 5/10,000 per year. Six different bids were used: 200, 400, 600, 800, 1000 CNY (CNY is Chinese currency, 1 USD = 6.5 CNY). The bids were established base on the results from focus-group discussions and pilot testing surveys. For each respondent, a single randomly assigned dollar was presented. The last section collected socioeconomic information of the respondents including gender, age, farming income, formal education and years of farming experience.
Data Collection
This study used the stratified random sampling method to select respondents. Firstly, seven towns with agriculture production activities were selected from fourteen towns in Anqiu. Secondly, three villages were randomly chosen in each selected town. Finally, according to the parameters of the household characteristics (farm size, household size and income), 10-15 households were randomly selected from each village. The respondent in each household was the person who did most of the farm work and used pesticides. The reason why farmers were chosen as our respondents is that they are faced with the highest health risks related to pesticides [26] . Finally, a total of 261 farmers were approached and 244 participated in the study. The overall response rate was 94%.
The survey was conducted between July and August 2016 in Anqiu County. Face-to-face interviews were carried out to encourage more responses. This survey method is expensive but can provide the highest response rates and is better suited to collecting complex information [9] .
Data Analysis
In this study, a binary logit regression model was used to analyze the data because it is preferred to the probit model in many fields due to its relative computational simplicity [27] . The basic relationship is given as:
where α and β are coefficients to be estimated using the maximum likelihood (ML) estimation method and A is the bid amount that the respondent was asked to pay. Based on the above equation, the mean WTP can be estimated [28] :
where β is the estimated coefficient on the bid amount and α is either the estimated constant or the grand constant calculated as the sum of the estimated constant plus the product of the coefficient estimates on other independent variables and times their respective means [29] .
Results and Discussion
Socioeconomic Characteristics of the Respondents
The sample's main socioeconomic characteristics is presented in Table 1 . Most of the respondents were male farmers (n = 244, 69%). This result is realistic and understandable because men conduct most agricultural activities and take more responsibility for purchasing and spraying pesticides in the study area. The mean age of the respondents was 52 years old with a range from 30 to 86 years. The reason for this is due to the fact that many young farmers leave farms to look for better jobs in cities. The mean years of schooling were seven, close to middle school. Approximately 8% of the respondents were illiterate (data not shown). The average household income from farming (crops, vegetables, fruits and others) was 24,908 yuan/year (about $3617). Our results show that respondents' socioeconomic characteristics were in line with the average values for the real population in the whole county, suggesting that our sample is representative. 
Perceptions of Farmers on Pesticide Risk
Most respondents strongly agreed (41.39%) or agreed (38.93%) with the statement that the use of pesticides in food production can reduce food safety. A large majority of the sample (86%) strongly agreed or agreed with the statement that pesticide use has adverse effects on human health. Approximately 26.23% of the respondents strongly agreed they could try to avoid the harm caused by pesticide exposure. Respondents were asked to assess their personal health risks associated with pesticide use. About 13.11% of the respondents reported that the risk of pesticide use on their health was extremely high, 27.05% thought the risk to be large, 34.43% believed the risk to be moderate or medium, 20.90% reported a low level of risk, and 4.51% stated that there was no risk at all when using pesticides.
Social Capital
Several questions intended to measure the respondents' individual social capital, including social trust, social networks, social reciprocity and institutional trust. Approximately, 59% and 37% of respondents strongly agreed and agreed that people in their village helped each other. Our results also show that 49% of farmers in our study strongly agreed that people in their village could be trusted; 39% agreed with this view; only 10% and 2% of farmers were uncertain or disagreed. More than half of the respondents (63.93%) claimed that they were not a member of any village associations. 21 .72% of the sample were members of village associations. Approximately, 16% of the respondents attended two or more associations. In total, 74% of the sample stated that they trusted local governments.
Respondents' Attitudes toward Payment
On the WTP question, 58.6% of the sample responded positively. They expressed that they would be willing to pay an amount to reduce their health risks. The rest 41.4% responded negatively. Respondents were asked to indicate their reasons for their responses to the WTP question. As shown in Table 2 , the most important motivation for payment was the valuation program would be good for their health in the future. 37.82% of those willing to contribute believed that the program can reduce the morbidity of farmers. According to the survey results (Table 3) , 38.61% of the non-contributors stated that they cannot afford the payment. 35 .64% stated that their reason for zero contribution was local governments should bear the costs. 18.81% of those who answered "no" claimed that they didn't think they would get diseases because of pesticides and 4.95% declared that they didn't believe the valuation program. Figure 1 shows the percentage of "yes" responses to the WTP questions. It can be seen that the percentage of "yes" responses monotonically decreases as the bid amount goes up, implying that a higher bid would result in a lower probability of accepting the bid amount. This finding is consistent with the economic theory of demand, thus serving as evidence of the validity of this CVM study [16, 30] . In order to identify the determinants influencing farmers' WTP, we run the binary logit regression model. In the model, the dependent variable was the possibility that the respondent would be willing to pay. The explanatory variables included the bid amount, farmers risk perceptions, individual social capital variables and certain demographic and socioeconomic variables.
Farmers' Willingness to Pay and Influencing Factors
The estimation results are summarized in Table 4 . Our results suggest that the estimation model has a high predictive power and statistical reliability. The pseudo-R 2 in this model is higher than the 20% level suggested by [31] as indicating a very good fit for this type of data. The chi-square result shows that the likelihood ratio statistics are highly significant (p < 0.001), suggesting that the regression model has a strong explanatory power.
As shown in Table 4 , most explanatory variables have the expected signs and are statistically significant at 10% or lower. As expected, the bid variable is negative and significant at the 1% level, suggesting that the respondents would have a lower probability to say "yes" to the WTP question if they were presented with a higher bid, in line with earlier findings in the survivor curve.
Considering farmers' risk perceptions of pesticide use on their health, it comes as no surprise that the variable "risk", indicating farmers' risk perceptions, is positive and significant, implying that respondents with a higher risk perception would have a higher probability to be willing to pay for reducing their health risks associated with pesticide use. Khan and Damalas (2015) also argue that farmers who perceive pesticides as a health risk are more willing to pay for a premium relative to those who do not perceive pesticides as a health risk [9] .
The estimation results show that farmers' education level and household farming income have positive effects on their willingness to pay. These results are in accordance with empirical findings in earlier literature. The longer time to receive education, the better people understand the consequences of pesticide use on health and the need to reduce the health risks. Therefore, the educated will be more willing to pay the premium than the illiterate. Wohl et al. (1995) reported that the respondent with more years of schooling would have a higher WTP for reduced pesticide residues in food [32] . Environmental economic theory assumes that the demand for health or environmental benefits should increase with income [33] . Consequently, high-income farmers are expected to be more willing to pay for the health risk reduction program. The positive sign of income in this study suggests that richer farmers are more likely to pay than lower income farmers, in agreement with the economic theory [34] . Zheng et al. (2015) also found that farmers' farming income has a positive effect on their WTP for bio-pesticides [35] .
The coefficient on respondents' household size is negative and significant. These results imply that a respondent with a larger family would have a lower WTP because a larger family may have higher running costs and consequently lower WTP for health risk reductions [36] .
The regression results show that three social capital variables have a statistically significant effect on farmers' WTP ( Table 4 ). The coefficients on social trust and social networks are significantly positive, implying that respondents with higher levels of social trust or greater involvement in social networks are more willingness to pay. These results are expected and understandable. Social trust is regarded as one of the most important components of social capital with significant influence on people's WTP [21] . Pretty (2003) argue that social trust can influence an individual behavior because she or he expects that fellow citizens in the community will act in a similar way to protect the common good [20] . Social networks are mainly linked to farmers' activation in collective activities and they are responsible for the flow of information on the health and environmental issues. People are more interested in collective issues are expected to be more willing to pay compared to individuals who are not active in social networks [22] . The variable of social reciprocity is negative and significant, indicating that respondents who thought people in their village can help each other would have a lower WTP for reducing the health risks related to pesticide use. One possible reason for this could be that respondents believed that other villagers would help them in case of they get diseases because of pesticide use. The coefficient on institutional trust is positive but insignificant.
Based on the estimation results, the mean WTP of the respondents is estimated to be 451.11 CNY (65.38 USD) per household per year, approximately equivalent to 0.94% of the average household income. Although currently there are no similar studies on pesticide use in China with which to compare this result, the mean WTP result of this study is comparable with other studies in developing countries. For example, farmers in the Philippines are willing to pay 13.5-20.5 USD per cropping season for avoiding health risks of pesticides [37] . Gallardo and Wang reported that apple growers' and pear growers' WTP were USD 26.03 per acre and USD 40.06 per acre, respectively, for reducing the probability of the toxicity of pesticides to natural enemies [38] . Summary statistics Pseudo R squared = 0.26 LR chi squared (9) = 87.21 *** Correctly classified = 77.87% * = significant at p < 0.1; ** = significant at p < 0.05; *** = significant at p < 0.01.
Conclusions
This study was aimed to estimate the willingness to pay of local farmers for reducing health risks associated with pesticide use and to explore the factors that influence individuals' valuations by using the CVM in China. Our results indicate that there is a demand for reducing pesticide health risks. The mean WTP was estimated to be 451.11 CNY (65.38 USD) per household per year, which is equivalent to 0.94% of the average household income.
Several factors were investigated as explanatory variables for farmers' monetary valuations on health risk reductions of pesticide use. The WTP is positively related to respondents' education, farming income and risk perceptions, as expected. Farmers' WTP is negatively related to household size. Based on these findings, there is a need to launch education or training programs for farmers to enhance their knowledge of pesticides and their risk perceptions. Information about health costs of pesticide use can serve as a basis for government decision-making for investments in rural health infrastructure [10, 39] .
Our results indicate that social capital is an important parameter explaining WTP of farmers for health risk reductions of pesticide use. Farmers' social networks, social trust and institutional trust had positive effects on farmers' WTP. Therefore, an enforcement of social capital variables, including social trust, social networks and institutional trust, is essential. 
